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the ileocecal Peyer’s patch appeared as a polypoid outgrowth and 
was richly congested and superficially ulcerated. In a third type 
of case the ulcerated areas displayed signs of healing. Two examples 
were encountered. In 1 case the ileum showed numerous small 
ulcers, many of which were surrounded by a whitish zone. In the 
colon, however, were many large ulcers and an enormous collection 
of free blood, and no doubt the lesions in the large intestine repre¬ 
sented an expression of reinfection. In a second case of this type 
the small and large intestine showed numerous smooth, plaque like 
areas of ulceration. 

( c) The Genitalia. In male subjects of status lymphaticus, 
according to our observations at Bellevue Hospital, the penis is 
small in about 12 per cent, of all cases, while the glans is pointed 
or acom-shaped and small in about 18 per cent. In a consider¬ 
able number of all cases microscopic examination of the testicles 
showed the peculiar connective-tissue hyperplasia described by 
Kyrle 22 as a developmental defect in the testicles of many young 
subjects. The function of spermatogenesis was apparently active. 

In female subjects of status lymphaticus the uterus is hypoplastic 
in a considerable number of cases. 

In view of the fact that the cortex of the suprarenal capsule is 
embryologically related to the testicle in the male and the ovary in 
the female it is worthy of note that Norris and Wiesel have pointed 
out the almost constant occurrence of hypoplasia of the suprarenal 
cortex in subjects of status lymphaticus. 

(d) Finally, it is to be mentioned that subjects of status lymphat¬ 
icus not uncommonly show such peculiarities as supernumerary 
lobulations in the lungs and similar unimportant although interest¬ 
ing developmental anomalies. 


A STUDY OF OCHRONOSIS. 

By N. W. Janney, M.D., Ph.D., Capt., M. R. C., 

NEW YORK. 

(From the Montefiore Hospital, New York City.) 

An excellent opportunity to observe this rare and obscure disease 
was recently afforded by a case coming to autopsy. This case 
was of unusual interest, as it presented a strong clinical resemblance 
to alcaptonuria. Investigation of the melanotic pigment present 
led, however, to the diagnosis of ochronosis with melanuria, no 
direct relation to the alcaptonuric condition being discovered. 

In the present article the writer’s investigation of the metabolism 

» Wien. klin. Wchnsohr., 1910, No. 45, p. 1583. 
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of ochronosis is reported. 1 In the first part of the paper are reported 
the results of the chemical studies, which are applied in the succeed¬ 
ing pages in a discussion of the pathogenesis of ochronosis and the 
relation of ochronosis to alcaptonuria. 

Case Abstract. —M. K., aged forty years, male. Chief com¬ 
plaints, weakness, stiffness of joints and black discoloration of the 
mine. Duration of the disease, eighteen months. Examination 
showed emaciation, bluish pigmentation of the sclerse, aural cartil¬ 
ages and axillae; arthritis of spine and various larger joints. The 
patient’s cachexia increased after admission, decreasingly smaller 
amounts of the melanotic urine being passed until death ensued 
three weeks after admission. Autopsy disclosed intense black 
pigmentation of the superficial bones, especially the ribs, also the 
presence of melanotic calculi in the prostate. Histological exami¬ 
nation showed the typical pathological changes originally described 
by Virchow under the name of ochronosis, which refers to the yellow 
color of the pigment granules under the microscope. A prostatic 
calculus and a rib cartilage were reserved for chemical examination. 

Prostatic Calculus. The calculus was rounded in form, about 
1 cm. in diameter; after drying in the air it measured about one-half 
this size. It was brown black in color and consisted of several lobes. 
It was amorphous throughout. A cavity in the center may have 
represented Hie site of a corpus amalaceum. An outer brown-black 
layer was carefully removed, exposing the coal-black pigment which 
made up the bulk of the calculus. The latter was used for com¬ 
bustion. Weight of the air-dried concrement was 0.12 gm. 

Elementary analysis by courtesy of Dr. P. A. Levene, Rockefeller 
Institute, New York City: 0.0832 gm. dried in vacuum at 100° 
gave 0.1572 gm. C0 2 and 0.0392 gm. H 2 0. Carbon = 51.52 per 
cent. Hydrogen = 5.27 per cent. There remained after combus¬ 
tion 0.0062 gm. ash = 7.45 per cent. 

Urinary Examination. The patient passed small amounts of 
amber-colored urine, which became dusky brown on standing 
exposed to the air. Quantity 300 to 500 c.c. per twenty-four hours. 
Routine examination: Specific gravity, 1010. Albumin, acetone, 
diacetic acid, bile, blood and indican negative. Microscopically, 
crystalline and amorphous urates, occasionally hyaline casts. The 
fresh mine containing the chromogen was amber-colored. It gave 
a dark brown coloration on being boiled with Benedict’s solution, 
a slight amount of green precipitate settling out on standing. 
Reduced ammoniacal silver solution and alkaline picric acid solu¬ 
tion. Unaffected by bromine water immediately, but on standing 

* A preliminary report of this work was presented with Dr. B. S. Oppenheimer 
before the section of Internal Medicine, New York Academy of Medicine, March, 
1916. In connection with the present study, further investigations of ochronosis 
were made by my former co-workers, Drs. B. S. Oppenheimer and B. S. Kline. On 
account of their absence on military duty the report of their work will be deferred 
until a later date. 
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a reddish coloration developed. With ferric chloride a green color 
was produced which vanished immediately. With lead acetate 
there was the usual white precipitate. With barium hydroxide a 
brown precipitate (melanin), the supernatant fluid becoming color¬ 
less. Boiled with strong nitric acid a yellow color is produced. 
Treated with potassium bichromate and sulphuric acid or with 
sodium hydroxide and potassium permanganate a dark brown to 
black color, evidently due to melanin, appears even in the cold. 
Black pigment formation readily took place on passing an air cur¬ 
rent through the urine made alkaline with sodium carbonate or 
sodium hydroxide. 

All the subsequent tests and examinations were made on the 
urine after pigment formation had taken place. The urine, dusky 
yellow to black in color, reduced Benedict’s solution immediately 
with heavy precipitate. Reduces picric acid solution, ammoniacal 
silver solution but not bismuth oxynitrate. Barium precipitates 
the bulk of the pigment. Lead acetate precipitates practically all 
the pigment, together with the urochromes, leaving a clear super¬ 
natant liquid. The urine does not form gas on fermenting with 
yeast. No rotation on polariscopic examination. 

The presence of glucose could be excluded by the negative result 
of the fermentation test, optical inactivity of the urine and failure 
to reduce bismuth oxynitrate solution. 

Attempts to Isolate Homogentisic Acid. In view of the tendency 
of homogentisic acid to decompose, the urine for this examination 
was collected in bottles containing a little dilute hydrochloric acid 
and preserved in an ice-box. 

1. According to Ester Method of Schumm? The total mine 
voided during three days, including portions containing the amber- 
colored chromogen as well as the melanin, was acidulated, and 
evaporated on the water-bath down to a volume of 300 c.c. which 
was extracted in Lind’s rotary extraction apparatus for a period of 
five hours with ether. On evaporation of the ether about 3 c.c. 
of syrupy residue was obtained. The ether-soluble acids were 
evidently not increased in amount. The ethereal residue was 
dissolved in 200 c.c. alcohol, boiled one hour under a reflux con¬ 
denser after the addition of 40 c.c. strong hydrochloric acid. The 
cooled liquid was diluted to about 60) c.c. with water, made weakly 
alkaline with sodium hydroxide and repeatedly extracted with 
ether. On evaporation of the combined ethereal extracts only a 
minute quantity of brown amorphous pigment matter remained. 
Neither homogentisic nor other esters, nor, indeed, crystalline 
substances of any kind, was found. 

2. According to the 'miter’s procedure, 3 liters of mixed urine were 
acidulated and evaporated to small bulk and extracted five hours 


* Miinchen. med. Wchnschr., 1904, 1599. 
vol. 156, no. 1.— jolt, 1918 3 
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in the special apparatus as previously. The small syrupy residue 
obtained on evaporating the ethereal extract was diluted with 100 
parts of water and lead acetate added in excess. Aside from a 
small yellowish precipitate of resinous texture, which formed imme¬ 
diately, no other deposit appeared even on standing. The yellow 
precipitate was filtered off, dried, suspended in ether and decom¬ 
posed by hydrogen sulphide. After removal of excess of hydrogen 
sulphide by an air current and the lead sulphide by filtration the 
residue left on evaporation of the ether weighed 0.1 gm. It crystal¬ 
lized out of water in small crystals which failed to lose water, also 
to sublime, and which melted at a temperature other than does 
homogentisic acid. Homogentisic acid was therefore not present in 
the urine of this case. 

Method Employed for Preparation of the Melanin from Urine. This 
procedure depends on the writer’s observation that maximum quanti¬ 
ties of the pigment are precipitated from the melanotic urine by the 
addition of a like volume of 25 per cent, acetic acid to the neutral 
urine. Four hundred cubic centimeters of urine containing. the 
chromogen was made distinctly alkaline by adding a little sodium 
carbonate solution and an air current passed through it for twenty- 
four hours. The pigment was fully developed from the chromogen 
at the end of this time. To the black urine an equal volume of 
25 per cent, acetic acid was added and the mixture allowed to 
stand overnight. Owing to difficult filtration the supernatant fluid 
was removed from the precipitated pigment by means of a siphon 
and the pigment thoroughly washed by decantation with 12.5 per 
cent, acetic acid, employing twenty or more changes of the wash 
fluid. The melanin was next dissolved in a small amount of con¬ 
centrated sodium carbonate solution and strong acetic acid added 
to neutralization. The pigment was then reprecipitated by the 
addition of a like volume of 25 per cent, acetic acid, collected on a 
filter, washed thoroughly with 12.5 per cent, acetic acid, twice 
with water, then dried in a desiccator, thoroughly extracted with 
alcohol, followed by ether and dried in vacuum. From 400 c.c. 
urine 0.55 gm. purified pigment could thus be obtained. The 
supernatant liquid obtained from the precipitation of pigment 
from the urine was evaporated to small bulk at a low temperature 
and the like volume of 25 per cent, acetic acid added. Additional 
melanin, 0.1 gm., was obtained in this way. 

Additional pigment was obtained by boiling a costal cartilage 
with strong hydrochloric acid until solution took place, neutralizing, 
precipitating with an equal volume of 25 per cent, acetic acid and 
reprecipitating from 10 per cent, sodium carbonate solution, as in 
the case of the urinary pigment. 5.27 gm. air-dried rib yielded 
0.120 gm. purified pigment. The rib pigment had the same char¬ 
acteristics as the urinary pigment. 

The axillae of the ochronosis patient were stained bluish black 
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with pigment particles which showed the same color reactions of 
the urinary pigment. 

The pigment of the present case exhibited in general similar 
characteristics to melanins previously obtained from the urine 
and tumors of cases of melanosarcoma. Such pigments have been 
exhaustively studied by Morner. 3 Accordingly the reactions found 
by this investigator to be characteristic for these tumor pigments 
were carried out on our preparations. The results of this com¬ 
parative study are now mentioned. Barium hydroxide precipi¬ 
tated most of the pigment out of the urine. The precipitated 
melanin dissolved in various alkplies, sodium hydroxide, sodium 
carbonate, ammonium hydroxide, giving a black solution. From 
the sodium hydroxide solution the pigment could be precipitated 
by acetic acid added in excess. To the filtrate from the barium 
hydroxide precipitate, lead acetic was added. All the pigment, 
remaining in solution was precipitated. The pigment, filtered 
off, dissolved in sodium carbonate solution, but the addition 
of an excess of hydrochloric acid and saturation with magnesium 
sulphate failed to yield a precipitate (diffeience from Morner’s 
observation). The pigment, however, could be obtained from this 
solution on the addition of a like volume of 25 per cent, acetic acid. 

The pigment was insoluble in water, alcohol and ether. Certain 
of Morner’s preparations showed a different solubility in acetic acid 
than is noted below. In judging of such results it must be empha¬ 
sized that po method has as yet been discovered for isolating the 
melanin pigments with the help of indifferent chemical agents. 
It is therefore very probable that uncontrollable changes in struc¬ 
ture may occur in the modes of preparation employed which can 
account for the failure of the observations of various investigators 
to be in strict accord. Thus it could be ascertained in our case 
that merely heating the pigment on the water-bath rendered it 
less soluble in alkali. In general it can, however, be stated that 
our preparations showed close similarity in their chemical behavior 
to the urinary and tumor melanin preparations obtained by Morner. 

Analyses of Urinary Pigment. A trace of iron and sulphur was 
found in the ash. 

Ash determination, 0.5006 gm. of water-free pigment yielded 
0.0439 gm. incombustible residue. Ash = 8.76 per cent. Deter¬ 
mination of nitrogen by Kjeldahl. Preparation I, N = 10.81 per 
cent. Preparation II, N = 13.15 per cent. Determination of 
sulphur according to Carius. 0.1599 gm. water-free pigment gave 
0.00865 gm. BaS0 4 . S = 5.41 per cent. These analyses not cal¬ 
culated ash-free. 

* For comprehensive literature concerning the melanin pigments see: Morner, 
K. A. H.: Ztschr. physiol. Chem., 1886-87, xi, 66. Furth, O. v.: Centralbl. f. 
Allgem. Path. u. path. Anat., 1904, xv, 617. Oppenheimer: Handbuch d. bioohem. 
Menschen u. d. Tiere, 1908,. i, 743. Poulsen, V.: Ziegler’s Beitr. z. path. Anat., 
1910, xlviii, 346. 
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In regard to the value of the analyses it is again to be empha¬ 
sized that the characteristics of this class of substances are so 
unfavorable that no claim of absolute chemical purity can be made 
for our preparations. This is evident from the results of the 
nitrogen and ash analyses which show considerable variation. 
Such discrepancies are, however, only to be expected in working 
with substances of this nature. The preparations are, however, 
probably as pure as others previously described, judging from the 
modes of preparation stated. The results of our analyses of the 
urinary costal and prostatic melanin preparations are compared in 
the following table with Morner’s analytical data. All of Morner’s 
analyses are included for reasons stated above. This comparison, 
if showing some variations, is seen to justify the conclusion that the 
pigments obtained by both workers are, if not identical, at least 
fairly closely related in composition. 


COMPARISON OF ANALYSES OF MELANIN PIGMENTS.* 



Carbon. Hydrogen. Nitrogen. 

Sulphur. 

Iron. 

Ash. 

M6raer’s preparations . 

. 68.7 

5.9 

11.08 

4.75 

Trace 

2.02 


to 

to 

to 

to 

to 

to 


58.1 

8.0 

12.30 

10.18 

(0.03 to 0.2) 

9.38 

Writer’s preparations . 

56.7f 

5.7* 

11.84* 

to 

14.41* 

5.93J 

Tracet 

7.46* 

to 

8.76* 


* Elemental analyses calculated ash-free, 
t Preparation from prostatio calculus. 
t Preparation from urine. 


Discussion of Results. The frequency of the association 
of ochronosis with alcaptonuria, the presence of joint lesions and 
characteristics of the urine (darkening on standing, reduction in the 
absence of glucose of alkaline copper and ammoniacal silver solutions) 
strongly suggested alcaptonuria as a probable diagnosis in this case. 
However, carefully executed systematic attempts to isolate homo- 
gentisic acid from the urine were uniformly negative. The excre¬ 
tion of a urine which darkens on standing is not specific for alcap¬ 
tonuria for such cases of melanuria without alcaptonuria have been 
previously reported. The melanuria of carbolic aeid poisoning can 
also be excluded in the subject of the present studies. In the 
urine, prostate and ribs, therefore, very probably generally dis¬ 
tributed in the body, could be isolated a pigment, found by analyses 
and chemical characteristics to be related to the protein melanins. 
The presence of sulphur and iron in this pigment excludes definitely 
any direct origin from homogentisic acid which contains neither 
of these elements. On the grounds thus enumerated the diagnosis 
of alcaptonuria can be excluded. 

The reduction of alkaline copper and ammoniacal silver solution is 
co mm on to various aldehyde substances and is therefore by no 
means characteristic of homogentisic acid. As alkaline solutions 
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of the isolated and purified pigment failed to give these reactions 
they are probably to be ascribed to a chromogen of aldehyde nature. 
Owing to these findings and considerations the writer does not consider 
it in general advisable to accept a positive diagnosis of alcaptonuria in 
a given case without the isolation of pure homogentisic add and its 
proper chemical identification. 

The urinary pigment had the same characteristics as that obtained 
from the costal cartilages. The pigment in other parts of the 
organism, so far as its quantity enabled examination, showed no 
obvious differences from that obtained in the urine and rib cartil¬ 
ages. Evidently but a single melanin was present. This pigment 
was compared as to its reactions with those described by Morner 
for melanin obtained from the urine and tumor of a patient suffer¬ 
ing with melanosarcoma. In most characteristics these melanins 
showed agreement. The analyses made in both cases were also 
in reasonable accord. These grounds seem sufficient to establish 
a relationship between the pigment obtained from this case and 
the tumor melanins which are closely related to protein. It may 
also be mentioned that such melanins very probably consist of 
large and complicated molecules for such complex substances as 
methyldibutylacetic acid, 4 xyliton, 4 and pyridin 6 have been obtained 
from them. It would be very difficult to imagine the formation of 
such complicated bodies from pigment derived from carbolic acid 
and homogentisic acid which are simple phenol derivatives. This 
may be regarded as an additional reason for accepting that the 
pigment under discussion is to be regarded as of complex nature allied 
to the protein bodies. 

Pathogenesis of Ochronosis. Including the present case 
reports from 40 individuals exhibiting the symptom-complex of 
ochronosis have been published. Three groups of these cases can 
be readily separated according to their etiology as follows: 

1. Ochronosis due to carbolic acid poisoning. 

2. Ochronosis due to alcaptonuria. 

3. Ochronosis due to other causes than (1) and (2). 

In the first group, 9 in number, the coloration has very gradually 
developed after copious and continued applications of carbolic acid to 
chronic surgical lesions. The origin of the color is evidently from 
the poison mentioned, for a certain degree of recovery has been 
reported to ensue on cessation of the phenol treatment. 

Into the second group, ochronosis associated with alcaptonuria, 
fall somewhat more than half of all cases hitherto described. In our 
review of these reports it was noted that frequently the diagnosis 
of alcaptonuria had been based practically solely upon the obser¬ 
vation of urine which darkened on standing and exhibited reducing 

* Speigler, E.: Beitr. z. chem. Physiol, u. Path., 1903, iv, 40. 

* Wolf, H.: Beitr. z. chem. Physiol., 1907, v, 476. 

* Furth, O. v., and Jerasulem, E.: Beitr. z. chem. Physiol, u. Path., 1907, x, 131. 
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properties. The extensive study made in the present case has 
demonstrated the unreliability of such a diagnosis when it fails 
of corroboration through the presence in the urine and satisfactory 
identification of the alcapton body, homogentisic acid. In view 
of this it seems probable that certain cases hitherto confidently 
described as alcaptonurics may in reality represent ochronosis with¬ 
out alcaptonuria. The actual number of cases exhibiting ochro¬ 
nosis in company with alcaptonuria where homogentisic acid has 
been unquestionably identified is but a small fraction of those 
included under this diagnosis in the literature. 

In the third group of cases belong the cases studied by v. Hanse- 
man, 7 Salkowski 8 and Langstein. 9 Alcaptonuria and medicamen- 
tation, which could lead to melanuria, were excluded, although 
certain criticisms can be offered to this work. The same holds 
true for Hecker and Wolf’s 10 patient. As stated a number of appar¬ 
ent alcaptonuric cases are possibly to be included in this category. 
The present case represents the first of these doubtful cases to be 
subjected to a thorough chemical study, including isolation of the 
pigment in a purified state and its analysis. The resulting diag¬ 
nosis, that of ochronosis unaccompanied by alcaptonuria, though 
representing nearly a unicum in the literature, may, however, be 
fairly regarded as placed on a firm basis as a result of this detailed 
investigation. 

On first sight any attempt to reconcile these wide clinical varia¬ 
tions to a common cause seems quite hopeless. Why should an 
extraneously applied poison, as is phenol lead to the identical clinical 
symptoms as appear in connection with a definite disorder of interme¬ 
diary metabolism (alcaptonuria) and at the same time be found in 
other cases quite distinct from either of these conditions? The first 
insight into the real nature of ochronosis was, however, afforded 
by Pick, 11 who put forward the view that through the action of the 
oxidative ferment tyrosinase, phenol substances were changed into 
melanin pigment. Abderhalden and Guggenheim 12 have in recent 
years materially added to oui knowledge of the formation of melanin 
by the action of this ferment. They found in extended and com¬ 
prehensive studies that simple phenol compounds, homogentisic 
acid, the amino acid tyrosin and polypeptids containing tyrosin 
were all acted upon by tyrosinase, with the resulting formation of 
melanin pigment. All these substances contain the oxypbenyl group 
and can be designated by the general formula Il.CsH4.OH, in which 

7 Berl. klin. Wchnschr., 1892, xxix, No. 27, 660. 

»Ibid., p. 661. 

* Beitr. z. chem. Physiol, u. Path., 1904, iv, 145; Berl. klin.Wchnschr., 1906, xliii, 
697. 

10 Festschr. z. Feier d. fiinfzig jahrigen Bestehens d. Stadt. Krankenhaus zu 
Dresden-Freiderichstadt, Dresden, 1899, 323. 

u Pick, L.: Berl. klin. Wchnschr., 1906, xliii, 591. 

. 11 Ztschr. physiol. Chem., 1907-08, liv, 331. 
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R may represent hydrogen or a complicated group. A peculiar 
specificity in the action of this ferment could also be demonstrated, 
inasmuch as it did not effect phenylalanine, the amino acid closely 
related to tyrosine, nor indeed diiodotyrosin. In phenylalanin 
and diiodotyrosin the hydroxy group (—OH) is absent although 
the benzine ring is represented in both these substances. The 
conclusion may therefore be drawn that for the development of 
pigment by the action of tyrosin the oxyphenyl group R.CJR-OH 
is necessarily present. 

Application of these important studies to the pathogenesis of 
ochronosis has, however, not yet been made, although they repre¬ 
sent the key to a clearer comprehension of the etiology of this 
condition. From Abderhalden and Guggenheim’s studies it may be 
reasonably presumed that an accumulation of excessive and abnor¬ 
mal amounts of substances within the organism possessing the 
oxyphenyl group would lead to the production of melanin pigments 
by ferment action. This seems to be borne out by the clinical 
observations on carbolic acid poisoning and alcaptonuria, both these- 
substances containing this chemical entity. 

In seeking a possible explanation for those obscure cases, includ¬ 
ing the present one, where both of the above evident causes of the 
ochronosis fail to be present, the observation of pigment formation 
from higher compounds such as polypeptids, closely related to 
protein, becomes of interest. It seems not unlikely from the number 
and complexity of the split products of such melanins which have 
been observed that this class of the black pigments may indeed 
be of very complex constitution. Their tyrosin content may, 
however, be responsible for the development of the pigmentation 
owing to the oxyphenyl group contained in this amino acid. The 
tumor and other protein melanins among which the example here 
described apparently belongs probably owe their origin to a meta¬ 
bolic anomaly of this nature. 

Just how important a part is played by ferments in this pigment 
formation is, owing to the absence of definite evidence, still a 
matter of speculation. Still the ferment tyrosinase is now known 
to be extensively distributed in animals, having been found in the 
skin and even in melanosarcomata It is then probable that 
tyrosinase is normally present in the organism. It seems then 
fair to assume that the action of this ferment on chromogenic sub¬ 
stances such as tyrosin, tyrosin-containing complexes, homogentisic 
acid, phenol, etc., when present in increased amounts within the 
body is the ultimate cause of the ochronosis symptom-complex. 

Although sulphur and a trace of iron were present in the pigment 
of this case, this seems no ground for regarding this melanin to be 
of blood origin. According to von Fiirth, 13 who has extensively 

u Filrth, O. v.: Oppenheimer’s Handbueh. d. Biochem. Menschen. u. d. Tiere, 
Jena, 1908, i, 743, 
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studied the melanins, iron and sulphur groups are to be regarded 
not as primary in such pigments for which the oxyphenyl group 
is^ characteristic. Indeed sulphur is frequently entirely absent or 
present in an amount much greater than it is represented in hemo¬ 
globin which facts preclude of accepting the blood pigments as the 
mother substances of the melanins. 

The Relation of Ochronosis to A Icaptonuria. Ochronosis frequently 
accompanies alcaptonuria and it may be reasonably assumed from 
the foregoing considerations that the pigmentation of alcaptonuria 
is due to a melanin arising from homogentisic acid. This view is 
accepted by Gross and Allard 14 as follows: 

“Die Ochronose und die Alkaptonurie sind Erscheinungen ein 
und derselben Stoffwechselerkrankung, die klinisch in der Ausscheid- 
ung von Homogentisinsaure, der Alkaptonurie und oft in arthritischen 
Beschwerden, pathologisch-anatomisch in der Ablagerung eines 
Farbstoffs, der Ochronose, ihren Ausdruck findet.” 

Although it is probably true that the ochronosis and alcapto¬ 
nuria when occurring simultaneously are indeed to be regarded as 
“expressions of the same metabolic disease,” all cases of ochronosis 
certainly cannot be properly ascribed to alcapton origin as is the 
evident opinion of these authors. The nine known cases of ochro¬ 
nosis due to carbolic acid intoxication as well as the others, includ¬ 
ing the present one, enumerated above where alcaptonuria could 
be excluded, militate against the acceptance of this theory. It may 
also be mentioned that in alcaptonurics the signs of ochronosis 
have been found absent also on postmortem section. 16 The views 
concerning the pathogenesis of these conditions described in the 
preceding pages of this article seem sufficiently comprehensive to 
establish the general relationship of these rare anomalies of metab¬ 
olism. 
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There has been considerable controversy as to the value of the 
roentgen-ray findings in reference to the diagnostic benefit in 
pulmonary tuberculosis. In order to obtain the greatest benefit 

>' Mitt, aua d. Grenzgeb. d. Med. u. Chir., 1908-09, xix, 24. 

i* Fttrbringer, P.: Berl. klin. Wchnschr., 1875, xii, 330. Moraezewski, W. v.: 
Centralbl. f. inn. Med., 1896, xvii, 177. 

1 Read before the St. Louis Medical Society. 



